This study evaluates the antimicrobial resistance of pathogens cultured from 3'954 quarter milk samples from dairy cows in Switzerland. A total of 1'228 Streptococcus (Strep.) dysgalactiae isolates were tested for susceptibility to 9 antimicrobial drugs using agar diffusion. Streptococcus uberis, Strep. dysgalactiae and Staph. aureus had the highest antimicrobial sensitivities to amoxicillin clavulanic acid (99.6 %, 100 % and 98.8 %, respectively). Of all isolated pathogens, only 2.6 % were resistant to amoxicillin clavulanic acid and 8.0 % to cefoperazone. The overall resistance level to gentamicin was 45.5 %, to penicillin 39.2 %, and to ampicillin 26.7 %. The highest resistance levels occurred with polymyxin (86.0 %), oxacillin (64.7 %) and lincomycin (53.7 %). Our results showed that at least one resistance exists to one antimicrobial agent examined in this study. Ideally the selection of the antibacterial drug for the treatment of intramammary infection should be based on antibiotic susceptibility testing. 
Summary
This study evaluates the antimicrobial resistance of pathogens cultured from 3'954 quarter milk samples from dairy cows in Switzerland. A total of 1'228 Streptococcus (Strep.) uberis, 1'107 Staphylococcus (Staph.) spp. other than Staph. aureus, 598 coliform, 490 Staph. aureus, 270 Enterococcus spp. and 213 Strep. dysgalactiae isolates were tested for susceptibility to 9 antimicrobial drugs using agar diffusion. Streptococcus uberis, Strep. dysgalactiae and Staph. aureus had the highest antimicrobial sensitivities to amoxicillin clavulanic acid (99.6 %, 100 % and 98.8 %, respectively). Of all isolated pathogens, only 2.6 % were resistant to amoxicillin clavulanic acid and 8.0 % to cefoperazone. The overall resistance level to gentamicin was 45.5 %, to penicillin 39.2 %, and to ampicillin 26.7 %. The highest resistance levels occurred with polymyxin (86.0 %), oxacillin (64.7 %) and lincomycin (53.7 %). Our results showed that at least one resistance exists to one antimicrobial agent examined in this study. Ideally the selection of the antibacterial drug for the treatment of intramammary infection should be based on antibiotic susceptibility testing.
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Antimikrobielle Empfi ndlichkeit von Mastitiserregern bei der Milchkuh in der Schweiz
In der vorliegenden Studie wurden die Resultate der Antibiotikaresistenztests von 3'954 Milchproben aus der Schweiz ausgewertet. 
Introduction
Bovine mastitis is an important disease with a signifi cant impact on the dairy industry worldwide. It causes great economic losses and welfare issues in affected cows (Leslie and Petersson-Wolfe, 2012) . Intramammary antimicrobial therapy is the most common method of controlling bovine mastitis. Ideally, treatment of subclinical mastitis and mild to moderately severe acute clinical mastitis should be based on culture results of a milk sample from the affected quarter to ensure that the most appropriate antimicrobial drug is selected for treatment. Delaying antimicrobial treatment until bacteriological results are available is associated with a considerable reduction in antimicrobial drug costs (Neeser et al., 2006; Lago et al., 2011) . Cows with mastitis accompanied by severe signs of illness should be treated immediately. The range of antibiotics used to treat intramammary infections in cows is broad and includes second-line antimicrobial drugs such as cephalosporins. The use of cephalosporins, particu-larly 3 rd and 4 th generation cephalosporins, has increased strongly over the last few years in Switzerland (Büttner et al., 2011) . These drugs are also used in human medicine, and their widespread use in veterinary medicine poses a potential problem. There is a concern that the veterinary use of these drugs leads to the development of resistant bacteria, which could have an adverse effect on human health. Indeed, dairy herds in England that used 3 rd and 4 th generation cephalosporins were almost four times as likely to have extended spectrum β-lactamase E. coli than herds that did not use these drugs (Snow et al., 2012) . Furthermore, herds that used ceftiofur had an increased occurrence of E. coli with reduced susceptibility to ceftriaxone, a cephalosporin used in human medicine, in fecal samples (Tragesser et al., 2006) . Third and 4 th generation cephalosporins are grouped by the World Health Organisation into one of the top 3 drug classes of "critically-important antimicrobials" for use in human medicine (WHO Advisory Group on Integrated Surveillance of Antimicrobial Resistance AGISAR, 2009). Thus, 3 rd and 4 th generation cephalosporins should only be used as a last resort, and fi rst-line antimicrobial drugs should be the treatment of choice. To this end, bacteriological culture of a milk sample should be carried out before treatment is started to guide the clinician in selection of the most appropriate antimicrobial drug. Exceptions to this recommendation are severe acute cases that require immediate treatment. In addition to the identity of the bacterial pathogen, its resistance pattern to the available antimicrobial drugs must be considered. Antimicrobial susceptibility has been shown to vary regionally in different parts of the world (De Oliveira et al., 2000; Hendriksen et al., 2008) . The goal of the present study was to investigate the current resistance patterns of the most common mastitis pathogens in Switzerland. Culture of milk samples from different regions of Switzerland was carried out between July 2011 and July 2013 at a certifi ed laboratory (Idexx Diavet Labor AG, Bäch SZ, Switzerland) and mastitis pathogens from 3'954 positive milk samples underwent antimicrobial sensitivity testing to 9 antimicrobial agents.
Animals, Material and Methods
A total of 3'954 quarter milk samples from cows with subclinical or clinical mastitis submitted by veterinarians from different regions of Switzerland between July 1 st , 2011 and July 6 th , 2013 underwent bacterial culture at a commercial laboratory (Idexx Diavet Labor AG, Bäch, Switzerland). Information pertaining to lactation number and stage of lactation, days in milk, breed, milk yield, location of herd of origin and type of mastitis for the affected cows was not available. Milk was streaked onto esculin agar plates (Laborgemeinschaft 1, Zurich, Switzerland; Holt, 1984) and incubated at 37 °C for 24 hours adding 5 % carbon dioxide.
From each plate the most prominent Colony Forming Unit (CFU) was regarded as the leading pathogen. A state certifi ed laboratory assistant differentiated the CFU visually and by standard biochemical tests (Holt, 1984) . The leading pathogen was tested for susceptibility to 9 antimicrobial agents including amoxicillin clavulanic acid, ampicillin, cefoperazone, gentamicin, lincomycin, oxacillin, penicillin, polymyxin and spiramycin using the agar diffusion test according to guidelines of the Clinical and Laboratory Standards Institute (CLSI 
Results
For agar plates with mixed bacterial cultures, the principal pathogen was determined and used for analysis. The frequency distribution of the 3'954 isolated pathogens was as follows: Streptococcus uberis (1'228/3'954, 31 %) and Staphylococcus spp. other than Staph. aureus (1'107/3'954, 28 %) were the most frequent, followed by coliforms (598/3'954, 15 %) and Staph. aureus (490/3'954, 12 %). Enterococcus spp. (270/3'954, 7 %) and Strep. dysgalactiae (213/3'954, 5 %) were less frequent. Isolates with prevalences smaller than 1 % were Mannheimia haemolytica, Pasteurella spp., Proteus spp., Pseudomonas aeruginosa, Serratia spp., Streptococcus agalactiae and other streptococci. The results of the antibiotic sensitivity testing are shown in Figure 1 and listed in Table 1 . In Figure 2 the results of the sensitivity testing of the Strep. uberis isolates are shown. Staphylococcus aureus isolates had the highest prevalence of susceptibility to amoxicillin clavulanic acid with only 1.2 % of isolates being resistant. On the other hand, 35 % of the Staph. aureus isolates were resistant to penicillin. Even higher resistances to penicillin were seen in isolates of Staphylococcus spp. other than Staph. aureus (54.2 %). Of the 598 coliform isolates, 29 (4.9 %) were resistant to gentamicin, 270 (45.1 %) were resistant to ampicillin and 66 (11 %) to amoxicillin clavulanic acid. Of all 3'954 isolated mastitis pathogens, 86 % were resistant to polymyxin, 64.7 % to oxacillin, 53.7 % to lincomycin, 45.5 % to gentamicin, 39.2 % to penicillin, 27.0 % to spiramycin and 26.7 % to ampicillin. The highest sensitivities were seen with cefoperazone (8.0 % resistant) and amoxicillin clavulanic acid (2.6 % resistant).
Discussion
Strep. uberis was the most frequently isolated mastitis pathogen in this study, which was in agreement with the notion that this organism, together with other environmental streptococci, currently constitutes the principal cause of intramammary infections in many herds (Kalmus et al., 2011) . For this agent as well as other gram-positive microorganisms, amoxicillin clavulanic acid was the most appropriate antimicrobial agent with in-vitro sensitivities from 98.5 % to 100 %. This was higher than the sensitivity of 88.2 % of Staph. aureus isolates to cefoperazone, a 3 rd generation cephalosporin. It is possible that the decrease in sensitivity of Strep. uberis to cefoperazone is a result of the increase in the use of this later-generation cephalosporins in the last few years. Cefquinome, a widely used 4 th generation cephalosporin, was not tested in this study but the comparison with cefoperazone showed that 3 rd and 4 th generation cephalosporins may be replaced in many cases with other suitable antimicrobials. The susceptibility of Strep. uberis and Strep. dysgalactiae to penicillin was greater than 90 %. This was in agreement with other reports that streptococci have at least some level of resistance to penicillin (Guérin-Faublée et al., 2002; Overesch et al., 2013) , whereas others studies reported a complete lack of resistance (Pitkäl et al., 2008; Minst et al., 2012) . Based on our fi ndings, the use of penicillin can still be recommended for the treatment of bovine streptococcal mastitis. In contrast, 35.1 % of Staph. aureus and 54.2 % of other Staphylococcus spp. isolates were resistant to penicillin. This was surprising because ten years earlier, the prevalence of penicillin-resistant Staph. aureus isolates was only 9 % in Switzerland (Corti et al., 2003) , and 16.4 % (Overesch et al., 2013) and 20 % (Kretzschmar et al., 2013) in more recent studies. The prevalence of penicillin-resistant Staphylococcus spp. was 31 % (Corti et al., 2003) , 38 % (Kretzschmar et al., 2013) , and 23.3 % (Frey et al., 2013) . However, because of methodological differences in resistance testing, direct comparison of these studies is diffi cult. Nevertheless, our results suggest a marked increase in the prevalence of penicillin-resistant Staph. aureus and Staphylococcus spp. during the last ten years. Our results suggest that Penicillin is no longer the antimicrobial of choice for staphylococcal mastitis. Although coliform pathogens had good overall susceptibility to gentamicin, cefoperazone and amoxicillin clavulanic acid ranging from 83.3 to 90.3 %, a considerable proportion of the isolates were resistant. This signals a change from earlier studies in which all investigated coliforms were sensitive to these drugs (Corti et al., 2003) or resistances were seen in less than 3 % of isolates (Moser et al., 2013) . The susceptibility prevalences calculated in this study were subject to a selection bias and are not in consistence with a recently published study (Moser et al., 2013) . Only milk samples from quarters with a positive California mastitis test from cows with clinical or subclinical mastitis were used in this study, and sensitivity testing was only carried out on request. For those reasons, the prevalence of intramammary infection as well as the calculated susceptibility prevalences would be expected to be higher than the true prevalences in the general population. Due to the sampling procedure no further information on the kind of mastitis and additional information about the cow was available. In Switzerland, by legal rights, it is not allowed, to use additional information when the owner of the samples is not asked for in advance. The loss of this information does not alter the results presented. Overall resistance data as shown in Figure 1 are important to help the practitioner in situations where he has to treat a case of mastitis without having any further or a priori information on the causative bacteria. The susceptibility is depending on time and location. Therefore, the results presented in this study are only representative for Switzerland and the respective time of investigation.
Conclusions
The fi ndings of the present study show that complete susceptibility of a class of pathogenic bacteria to a specifi c antimicrobial agent is rare. It is therefore not always possible to make a reliable recommendation regarding the use of the most appropriate antimicrobial drug based merely on the bacterial species recovered. Ideally the selection of antibacterial drug for the treatment of intramammary infection should be based on antibiotic susceptibility testing.
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Sensibilité aux antimicrobiens des germes responsables de mammites chez les vaches laitières en Suisse
On analyse dans la présente étude les résultats des tests de résistance aux antibiotiques de 3'954 échantillons de laits prélevés en Suisse. Au total, ce sont 1'228 souches de Streptococcus (Str.) Nel presente studio, sono stati valutati i risultati dei test di resistenza agli antibiotici di 3'954 campioni di latte provenienti dalla Svizzera. Un totale di 1'228 ceppi di Streptococcus (Str) uberis, 1'107 ceppi di Staphylococcus sp, 598 germi coliformi, 490 ceppi di Staphylococcus (S. aureus), 270 ceppi di Enterococcus e 213 ceppi di Str dysgalactiae sono stati ritrovati dai test di diffusione in agar per la loro sensibilità a 9 diversi antibiotici. La sensibilità massima si è rilevata negli isolati di Str. uberis, Str. dysgalactiae e S. aureus resistenti all'acido amoxicillina-clavulanico (99.6 %, 100 % risp. 98.8 %
